A novel ultra-wideband antenna with band elimination characteristic is presented, which has omnidirectional patterns in the E-plane and impedance bandwidth of about 3-18 GHz with VSWR below 2. The proposed antenna is fed by microstrip line, and consists of the monopole type with two parasitism-patches rejecting 5.15-5.825 GHz bandlimited by IEEE 802.11a and HIPERLAN=2.
Introduction: Since the Federal Communications Commission (FCC) released the bandwidth 3.1-10.6 GHz, there has been rapid growth for broadband antenna techniques. In accordance with the regulations released by the FCC, ultra-wideband (UWB) systems have been collocated to the bandwidth from 3.1 to 10.6 GHz. However, the use of the 5.15-5.825 GHz band is limited by IEEE 802.11a and HIPERLAN=2. Therefore, a band-rejection filter is necessary in UWB RF front-ends, and this will provide complications for UWB systems.
To overcome these difficulties, several antennas with bandstop characteristic have been investigated with the utilisation of the advantages of composing more simple RF front-ends [1] [2] [3] . The proposed antenna is designed to reject the limited band by attaching two parasitic patches to the bottom layer of the antenna. This antenna not only satisfies all UWB bands but also rejects the limited band in order to avoid possible interference with the existing 5.15-5.825 GHz band. Moreover, the proposed antenna has a planar structure of small size and omnidirectional pattern. . They play a role as filters to reject the limited band, 5.15-5.825 GHz. Fig. 2 
correspond approximately to a quarter-wavelength of the frequency at about 6, 5.5 and 5 GHz, respectively. The proposed antenna was chosen with L ¼ 16 mm due to rejecting the limited band, 5.15-5.825 GHz. At the notch frequency, the current flows are more dominant around the parasitic patch, and they are oppositely directed between the parasitic patch and the radiation patch. The optimised parameters are as follows: step 1 ¼ 0.5 Â 0.5 mm, step 2 ¼ 0.5 Â 0.75 mm, step 3 ¼ 0.75 Â 0.75 mm, r 1 ¼ 21 , r 2 ¼ 3 mm radius, r 3 ¼ 14 mm radius, r 4 ¼ 6.5 mm radius, h ¼ 21 mm, and w ¼ 15 mm. By continuously adjusting these parameters, it is possible to tune the impedance matching level. Note that the design dimensions of the proposed antenna are obtained using CST Microwave Studio. To design the UWB antenna, we have applied four techniques to the proposed antenna: the use of the arch shape, three steps, a partial ground and parasitic patches. As a result, the proposed antenna exhibits much broader bandwidth (about 3-18 GHz) than those of the referenced antennas [1] [2] [3] .
Results: The measurement was performed with an HP8722D network analyser and simulation was performed with CST Microwave Studio. The measured and simulated results of the VSWR for the optimised dimensions are shown in Fig. 3 . It is apparent that the proposed antenna can satisfy the UWB band (3.1-10.6 GHz) for VSWR < 2 while rejecting the 5.1-6 GHz band. By attaching two parasitic patches, it is clearly observed that the proposed antenna not only has the notched band, but also more improved bandwidth at the lowfrequency region (about 3-4 GHz).
The measured and simulated radiation patterns in the E-plane are shown in Fig. 4 . The measured and simulated results have good agreement with each other. As shown in Fig. 4 , the radiation patterns are approximately omnidirectional. Fig. 5 shows the measured gains of the proposed antenna with and without the parasitic patches. A three-antenna technique is used to measure the radiation gain. A sharp decrease of antenna gain in the notched frequency band at 5.5 GHz can be observed. Conclusions: A band-notched UWB planar monopole antenna with parasitic patches for achieving the band-rejected characteristic has been proposed and implemented. The proposed antenna indicates not only a broad impedance bandwidth but also a good radiation performance while retaining the small volume of 30 Â 30 Â 1 mm. These features are very attractive for UWB applications.
